The problem of stocking fish types to fish pond in the Ghanaian setting is highlighted and addressed using a simple but powerful algorithm. A case study of matching fish types of specific quality requirement to a given pond quality at a given location in Ghana is illustrated. The proposed model is used as a management tool to identify criteria which do not satisfy the desired pond standards, and also to assist policy makers in making informed decisions for implementation, monitoring and evaluation. These would ultimately reduce risk, uncertainty and hazard associated with fish pond culture.
INTRODUCTION
In Ghana, the Fisheries Department under the Ministry of Food and Agriculture is embarking on a nation wide boost to inland and marine fishing. Over a decade ago, fish farming was on the increase with several dug-out ponds. These ended up with empty fish stocks for several reasons including poor quality fingerlings, lack of fish prophylactics and disease management, poor identification of fish types for various geographical locations and the like. The resulting effect was that many farmers had no option but to abandon their fish farms. With the rather low fish production, Government's effort was to redress the situation in a more pragmatic and sustainable manner by setting up various organs to address the situation. Fish farmers were encouraged to take up the farming activities again and as a result more fish ponds were constructed and are being constructed. Fish nurseries were established to produce and supply high quality fingerlings to fish farmers for ponds scattered all over the country. This government policy is adopted to enhance the quality of fish production, alleviate poverty, increase fish protein intake of both rural and urban population and above all make fish product affordable to all. The current research is being undertaken to complement the effort of the Government by using quantitative but easily understood tools.
In agriculture, decision support systems have been developed for the diagnosis of plant diseases (Michalski et al., 1982) , crop production (Smith et al., 1985) , analyzing marketing alternatives (Uhrig et al., 1986) , selection of appropriate crop cultivars (Bolte et al., 1990) , and many others. A simple decision support system PONDCLASS that focuses on fertilization and liming recommendations for pond aquaculture has been developed by Lannan (1993) . A more comprehensive software POND that integrates the functionality of PONDCLASS, and provides additional analysis capabilities in the form of simulation models and enterprise budgeting has since been developed by Bolte et al. (1995) . An overview of the POND software that describes its functional modules, and highlights applications in pond aquaculture can be found in Nath et al. (1995) . As to matching fish types to ponds at different locations the main approach remains mainly the expensive experimental endeavour based on experience. It is in the light of this shortfall that this project has been embarked on.
The objective of this paper is to construct a model to match fish types (or species) on the basis of fish survivorship and pond water quality variables. The aim is to identify ponds that could favour particular fish types on the basis of the analysis of pond water quality variables which are affected by the soil type and the related qualities or properties. This paper is organised as follows; the model is first presented, followed by the step by step algorithm. A case study based on Ghana is then used as a platform to assess the performance of this approach. Our conclusion and some suggestions are summarised in the last section.
A matching technique is simply a method used in grouping or classifying a data set and/or assigning members of one set to another set based on some criteria or attributes. The basic idea here is to group elements with similar characteristics in the same cluster and those with different ones in different clusters. The way how similarity or dissimilarity is measured is very open though the most commonly used is a distance-based measure. Some techniques have been developed of which each has its area of application. Pattern Matching, Data mining, Information Retrieval and Database system, Record Linkage, among others are some areas where these techniques have been developed and applied (Han and Kamber, 2001; Reynolds et al, 2006) . Unfortunately, there are some areas such as aquaculture in the Agricultural sector where these techniques have not received much attention. This research focused on the fish pond system which is the predominant aquaculture system used in Ghana (Ofori, 1997) .
The Model: The initial model developed by the authors , is extended by constructing a simple assignment-based working algorithm which is easily implemented in a real situation in the Ghanaian fish pond culture settings.
Assumptions:
We assume that each water quality variable (WQV) in a given pond can be measured accurately to a reasonable extent. These standards might be based on good aquaculture practices that are field tested. Only measurable parameters are considered. The ponds are assumed to be homogeneously mixed. In addition, every type of fish is assumed to have specific qualities that enhance its growth and survivability in the aquatic environment in which it lives. Also, due to the climatic conditions of the country we shall assume warm water fish culture.
Preliminaries and Notations:
We denote by m -the number of ponds (j =1,…,m) n -the number of fish types (i =1,…,n) r -the number of elements or characteristics (k =1,…,r) A Crude Measure per Element: All measurements will be based on whether a match is totally satisfied, partially satisfied or not satisfied. For a given fish i, its characteristic value k is matched with the corresponding pond characteristic value k of pond j.
If the outcome is a total matching, then it means the element of the pond, k j P falls completely in the element range of the fish [ , ]
We shall refer to an outcome as partially matching if it lies within an acceptable range of violation in respect to the ideal standard for an element, k. The matching function will be represented as follows , 1, for total matching, that is,
[ , ];
( , ) , for partial matching; 0, for no matching.
Utility Function: In order to measure the extent of contribution or the importance of any particular element, we give it a weighting, say , k i w that represents the importance of element k for fish i. In this study, we propose a weighted measure per element which we denote as the Utility Function k ij h for fish i, pond j and element k. We define such a function as follows:
(1)
The Inclusion Matrix C(i, j): We shall consider the cumulative effect of the matching. This then could form the basis for the formation of an inclusion matrix which represents the types of fish i which are assigned to pond j.
If all the weightings are independent of fish i, then
In the case of total matching, this reduces to
Analysis: If i ij w S= , then fish i can be assigned to pond j. This is the case when a fish is completely suited for that given pond (we refer to this as totally satisfying). The question arises when i ij w S< . It is, therefore, necessary to examine, for example, the number of elements not fully satisfied and the extent to which this is violated (in other words, assessing the amount of violation or infeasibility). To alleviate this problem we introduced a threshold value, say i ŵ , below which a fish of type i is to be rejected or accepted into a particular pond. This threshold is provided by experts in the area of fisheries.
The Proposed Algorithm: The main steps of the algorithm are described below in Figure 1 .
Fig 1: The index-based algorithm
Step 1: Input all the parameters: n, m, r, ŵ .
Step 2:
Step 3 Step 4: Set C(i,j) = S ij for all i and j.
A case study for matching fish types to desired ponds in Ghana: We first present the problem characteristics and all the necessary input parameters needed. We then produce the intermediate results for illustration purposes and finally summarise our finding. A computer program or graphing calculator (Dontwi et al., 2007) is used to carry out these calculations though a tedious manual exercise or an excel-based worksheet could be used instead. As this study is in the process of being extended to deal with additional requirements which we shall briefly give at the end of this paper we have opted for a more computationally-based approach.
Description of the problem and collection of data:
We implement the above technique to match 10 fish species to 10 ponds in Ghana on the basis of their water quality variables. Detailed Input data Information on the fish types, ponds, acceptable violations and weightings are given in Tables 1, 2, 3 and 4 respectively. Also in these tables, ppm is short for part per million and ppt refers to part per thousand. 
This simple matching is done for the other fish elements with the corresponding pond elements for pond 1. This is repeated for the other ponds for the same fish type. The whole process is then repeated for the rest of the fish types. Table 5 summarises the k ij g , i =1,…,10; k =1,…5. The other 9 tables, one for each fish type, are computed similarly but for simplicity these are not reported here. 
The Utility Function, The other Sij are computed similarly and are summarised in table 6. Our threshold value is independent of the fish type. That is, i
Let the threshold value, ŵ be 0.90. That is, we are considering a 90% match of the weighted elements.
Since S 11 < ŵ (ie. 0.8969 < 0.90), fish type 1 (F1)
can not survive in pond 1 (P1) and hence cannot be assigned to this particular pond. The Inclusion Matrix is summarised as follows: 
Rows and columns of the inclusion matrix represent fish types and ponds respectively.
Summary of the Matching :
From the inclusion matrix we summarize the matching as follows where '→' denotes a match.
(a) Totally satisfying F3 → P2, P3, P5 F4 → P1, P3, P4, P5, P6, P8 F5 → P1, P2, P4, P5 F8 → P2, P8, P10 F10 → P7 
DISCUSSION
The inclusion matrix obtained does not only show the survivorship of fish types in the various ponds but also helps us to investigate and identify ponds whose element(s) could not totally match the corresponding fish element(s). This investigation will help us prescribe the appropriate water quality management method to improve the affected pond element(s). Consequently, the pond will then be suitable for the survival of the corresponding fish type.
For example, lets consider C(3,6) (i.e. 0.98) of the inclusion matrix obtained representing a partial matching between fish type 3 (F3) and pond 6 (P6) which was obtained from S 36 (Table 6) . Tracing further, we could see from the table labelled Fish Type 3 (F3) that it was as a result of the partial matching of the 5th element representing hardness. Having a closer look, we could notice that the hardness of pond 6 (P6) is less than the hardness range of fish type 3 (F3) but within its acceptable range of violation. Hence a water quality management method could be applied to improve the hardness so as to increase the survivorship of F3.
As an example we describe one way of increasing hardness of water in a pond. Hardness refers to the amounts of calcium and magnesium in water and is expressed as ppm (or mg/L) of equivalent CaCO 3 . Calcium levels can be increased by adding a solution of calcium chloride to the water supply. The calcium solution can be added by chemical metering pumps or by using an inexpensive "drip system" where a concentrated solution of calcium chloride is slowly dripped into the pre-aeration system.
CONCLUSIONS:
In this paper, a model of the activities of stocking of fish types to fish pond culture in the Ghanaian setting is presented. A working algorithm for the model has been presented. Matching of fish type of specific quality requirement to a given pond culture quality at a given location in the country is illustrated. In general, the model can be used in areas involving quality control where criteria and standards are the key issues. It is also found that the proposed model can be used to identify criteria which do not meet the required standards, know their effect and thereby make appropriate recommendations for a given pond.
The following extensions are worthwhile investigating. In this study the utility function used can be modified using not necessarily a linear function as given by (1).
In practice, the recommendations pointed out by the model though very useful, may, or may not be, financially sustainable or affordable by the government. For instance, if the cost for each level of enhancement for a given pond element (say hardness) at a given pond (say Paul Sagoe) can be made available, and given an allocated budget and all other restrictions, this problem can be modelled as a dynamic programming problem where each stage represents a pond, or just as an integer linear programming problem where the decision variables will denote the level of enhancement chosen for a given element at a given pond while all the required constraints are satisfied. The present implementation can also be extended to cater for additional practical restrictions that include controlling the number of fish per type (to keep it within a certain range) as well as the incompatibility of certain family of fishes (those that cannot live together, or are likely to eliminate one another, etc). To deal with these changes a more extended mathematical model similar to the one previously discussed can be designed. In summary, the above model though addresses the simple matching problem can be used as a basis for further investigation to include other complex decisions to assist decision makers when tackling this interesting managerial and environmentally-based decision problem.
